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TITLE OF THE INVENTION 

OPTICAL FIBER, DISPERSION COMPENSATOR, OPTICAL 
TRANSMISSION LINE AND OPTICAL COMMUNICATIONS SYSTEM 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a dispersion 
compensator which is used to compensate for the 
chromatic dispersion of a transmission optical fiber 
used in wavelength division multiplexing (WDM) optical 

10 transmission, an optical fiber which can be used in 

this dispersion compensator, an optical transmission 
line including the dispersion compensator, and an 
optical communications system including the optical 
transmission line . 

15 Related Background Art 

[0002] (Reference 1) A dispersion compensator Which 

compensates for the chromatic dispersion of 
transmission optical fibers in the wavelength band of 
1530 to 1610 nm is disclosed in L. V. Jorgensen et al . , 

20 Next Generation Dispersion Compensating Modules for 40 

GBit/s, Proceedings of NFOEC2002, USA, Sept. 2002, p. 
262, 

[0003] In cases where the chromatic dispersion of a 

transmission optical fiber is compensated for by means 
25 of such a dispersion compensator, the chromatic 

dispersion profile (defined by the orthogonal 
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coordinate system of the wavelength and chromatic 
dispersion) of the overall optical transmission line 
including the transmission optical fiber and dispersion 
compensator has a portion that bulges in the plus 
5 direction and a portion that bulges in the minus 

portion as seen from the direct axis of chromatic 
dispersion, so that two extreme values are adopted with 
respect to the wavelength. 

[0004] Furthermore, in a WDM optical communications 

10 system, signal light in which a plurality of channels 

of different wavelengths are multiplexed is transmitted 
via the optical transmission line, thus allowing the 
high-speed transmission and reception of a large volume 
of information. In order to obtain high-quality signal 

15 transmission in such a WDM optical communications 

system, it is necessary that the absolute value of the 
cumulative chromatic dispersion of the signal 
transmission line extending from the optical 
transmitter to the optical receiver be small over the 

20 entire signal wavelength band. 

[0005] Transmission optical fibers used in the 

transmission lines of the optical communications system 
have a predetermined amount of chromatic dispersion in 
the signal wavelength band. Accordingly, a dispersion 

25 compensator which compensates for the chromatic 

dispersion of such transmission optical fibers is 
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inserted into the signal transmission line. 
Specifically, since common transmission optical fibers 
have a positive chromatic dispersion, a dispersion 
compensator which has a negative chromatic dispersion 
5 is utilized. For example, a dispersion compensating 

optical fiber can be used as such a dispersion 
compensator. Furthermore, in order to compensate for 
dispersion in a broad wavelength region, studies have 
been conducted in which compensation is made not only 

10 for the chromatic dispersion, but also for the 

dispersion slope. For example, in the optical 

communications system described in U.S. Patent No. 
6,393, 188, a reduction in the absolute value of the 
cumulative chromatic dispersion over the entire signal 

15 wavelength band is achieved for the entire optical 

transmission line, including the optical transmission 
fiber and dispersion compensator (dispersion 
compensating optical fiber) . 
SUMMARY OF THE INVENTION 

20 [0006] As a result of an investigation of the prior 

art, the present inventor discovered the following 
problems : 

Specifically, in order to realized a further expansion 
of the transmission volume and a high bit rate in 
25 optical communications, it is necessary to compensate 

more precisely for the chromatic dispersion of the 
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transmission optical fiber in a broad wavelength band 
using a dispersion compensating optical fiber. 
[0007] However/ even if complete compensation for 
both the chromatic dispersion and the dispersion slope 
5 can be made at certain wavelengths within the signal 

wavelength band, in the case of other wavelengths, e.g., 
wavelengths at both ends of the signal wavelength band, 
a sufficient reduction in the absolute value of the 
cumulative chromatic dispersion for the optical 

10 transmission line as a whole cannot be obtained. 

[0008] The present invention was devised in order to 

eliminate the above-mentioned problems; it is an object 
of the present invention to provide a dispersion 
compensator which can compensate more precisely for the 

15 chromatic dispersion of an transmission optical fiber 

over a broad wavelength band, an optical fiber which 
can be used in this dispersion compensator, an optical 
transmission line including the optical compensator, 
and an optical communications system including the 

20 optical transmission line, and which allows higher- 

quality WDM optical transmission. 

[0009] In general, the chromatic dispersion profile 
(defined by the wavelength and chromatic dispersion 

value) of a transmission optical fiber such as a 
25 single-mode fiber or the like has a shape in which the 

chromatic dispersion on this chromatic dispersion 
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profile is located on the plus side with respect to the 
chromatic dispersion values on a reference line 
connecting the chromatic dispersion values at the 
shortest wavelength and longest wavelength in a 
5 predetermined wavelength band. This profile shape is 

also the same in conventional dispersion compensating 
optical fibers. Accordingly, the present inventors 
discovered that the chromatic dispersion of a 
transmission optical fiber can be more appropriately 

10 compensated for by utilizing a dispersion compensating 

optical fiber with a chromatic dispersion profile 
having a shape in which the chromatic dispersion values 
on the chromatic dispersion profile are located on the 
minus side with respect to the chromatic dispersion 

15 values on the reference line connecting the chromatic 

dispersion values at the shortest wavelength and 
longest wavelength in a predetermined wavelength band, 
than by utilizing a conventional dispersion 
compensating optical fiber. This discovery led to the 

20 perfection of the present invention. 

[0010] The optical fiber according to the present 
invention has a chromatic dispersion of -100 ps/nm/km 
or less, preferably -200 ps/nm/km or less, in one of 
the wavelength bands of 1535 to 1565 nm, 1565 to 1610 

25 nm, 1554 to 1608 nm, and 1535 to 1610 nm. 
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[0011] In particular, over the entire wavelength 
band described above, except for the shortest 
wavelength and longest wavelength, the chromatic 
dispersion profile of the fundamental mode defined by 
5 the orthogonal coordinate system of the wavelength and 

chromatic dispersion value has a shape in which the 
chromatic dispersion values on this chromatic 
dispersion profile are respectively located on the 
minus side with respect to the associated chromatic 

10 dispersion values on a straight line connecting the 

dispersion values at the shortest and longest 
wavelength. Here, the chromatic dispersion values on 
the reference line associated with the chromatic 
dispersion values on the dispersion chromatic profile 

15 refer to chromatic dispersion values on the reference 

line at the same wavelengths as the wavelengths X of 
the chromatic dispersion values on the dispersion 
chromatic profile. Specifically, as seen from the 
dispersion chromatic axis, the chromatic dispersion 

20 values on the chromatic dispersion profile at these 

wavelengths X are located more on the minus side than 
the associated chromatic dispersion values on the 
reference line (i.e., chromatic dispersion values on 
the reference line at the same wavelengths X) . 

25 [0012] Furthermore, it is desirable that the optical 

fiber according to the present invention have a 
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negative dispersion slope throughout the entire 
wavelength band described above. Moreover, it is 
desirable that the chromatic dispersion have a minimum 
value at any wavelength in the wavelength band except 
5 for the shortest wavelength and longest wavelength- In 

addition, it is desirable that the optical fiber has a 
transmission loss in which the amount of increase is 
0.1 dB/km or less at a wavelength of 1550 nm in a case 
where the fiber is wound at an internal diameter of 60 
10 mm . 

[0013] The dispersion compensator according to the 

present invention comprises an optical fiber which has 
the above-mentioned structure (the optical fiber 
according to the present invention) , and a housing 

15 which accommodates this optical fiber. Furthermore, it 

is desirable that this optical fiber be accommodated 
inside the housing in a state in which the optical 
fiber is wound into a coil form with a internal 
diameter of 40 to 100 mm. 

20 [0014] Furthermore, the dispersion compensator 

according to the present invention may also comprise a 
separate optical fiber which is accommodated inside the 
housing in a state in which this separate optical fiber 
is connected to the optical fiber. In this case, this 

25 separate optical fiber may have a dispersion slope of - 
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0.2 ps/nm 2 /km or less, preferably -0.5 ps/nm 2 /km or 
less, at a wavelength of 1550 run. 

[0015] The optical transmission line according to 
the present invention comprises a dispersion 
5 compensator which has the structure described above 

(the dispersion compensator according to the present 
invention) , and a transmission optical fiber which is 
connected to this dispersion compensator. This 
transmission optical fiber has a positive chromatic 

10 dispersion in the wavelength band of 1535 to 1610 nm. 

[0016] Furthermore, in the present specification, in 

cases where light with a wavelength of \ is propagate 
through an optical fiber with a length of L at a 
propagation time of T(A,), the chromatic dispersion D of 

15 this optical fiber is defined as (1/L) x (9T/5X) . The 

dispersion slope S is defined as (c^T/d 2 ^) . The total 
chromatic dispersion is defined as D x L, and the total 
dispersion slope is defined as S x L. 

[0017] Furthermore, in the optical fiber according 
20 to the present invention, the chromatic dispersion 

profile of the chromatic dispersion D in the range of 
the wavelength band to X 2 (Xi < A. 2 ) has a shape which 
is such that the chromatic dispersion D(X) is located 
on the minus side of a reference line connecting D{X 1 ) 
25 and D(X. 2 ) in the wavelength range of Xi < X < \ z , i.e., 

a shape which satisfies the condition D{\) < D(X X ) + 
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t(D(X 2 ) - D[X 1 ))/(X 2 - Xi)) x (X - Xi), where D(JL) is 
taken as the Y-axis, and X is taken as the X-axis. 
[0018] Meanwhile, the chromatic dispersion profile 
that is the opposite of the chromatic dispersion 
5 profile of the optical fiber has a shape which is such 

that the chromatic dispersion D{X) is located on the 
plus side of a reference line connecting D(Xi) and 
D(X 2 ) in the wavelength range of Xi < X < X 2 , i.e., a 
shape which satisfies the condition B{X) > D(Xi) + 

10 (<D(Xz) - D{X L ))/(X 2 - Xi)) x {X - where D(X) is 

taken as the Y-axis, and A. is taken as the X-axis. 
[0019] The dispersion compensator according to the 

present invention may comprise N optical fibers (N is 
an integer of 2 or more) which are cascade-connected to 

15 each other. In this case, at least some of the N 

optical fibers are first optical fibers which have 
predetermined chromatic dispersion characteristics, and 
the remaining optical fibers are second optical fibers 
which have chromatic dispersion characteristics that 

20 are the opposite of those of the first optical fibers. 

At least the first optical fibers have a chromatic 
dispersion of -100 ps/nm/km or less, preferably -200 
ps/nm/km or less, in a used wavelength region with a 
band width of 30 nm or more within the wavelength band 

25 of 1535 to 1610 nm. Furthermore, throughout the entire 

wavelength band described above, except for the 
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shortest wavelength and the longest wavelength, the 
chromatic dispersion profile of the fundamental mode of 
the first optical fibers defined by the orthogonal 
coordinate system of the wavelength and the chromatic 
5 dispersion values has a shape which is such that the 

chromatic dispersion values on this chromatic 
dispersion profile are respectively located on the 
minus side with respect to the associated chromatic 
dispersion values on a straight line connecting the 

10 chromatic dispersion value at the shortest wavelength 

and the chromatic dispersion value at the longest 
wavelength (i.e., the dispersion curvature of the first 
optical fibers is positive) . On the other hand, 
throughout the entire wavelength band described above, 

15 except for the shortest wavelength and the longest 

wavelength, the chromatic dispersion profile of the 
fundamental mode of the second optical fibers defined 
by the orthogonal coordinate system of the wavelength 
and the chromatic dispersion values has a shape which 

20 is such that the chromatic dispersion values on this 

chromatic dispersion profile are respectively located 
on the plus side with respect to the associated 
chromatic dispersion values on a straight line 
connecting the chromatic dispersion value at the 

25 shortest wavelength and the chromatic dispersion value 
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at the longest wavelength (i.e., the dispersion 
curvature of the second optical fibers is negative) . 
[002 0] In particular, in the dispersion compensator 
according to the present invention, it is desirable 
5 that the absolute value of the RDC value defined by the 

following equation (1) be 10"Vnm 2 or less, where L n 
(km) is the length of the nth optical fiber (1 < n < N) 
among the N optical fibers, D n (ps/nm/km) is the 
dispersion value of this nth optical fiber at a 
10 predetermined wavelength in the used wavelength region, 

and C n (ps/nm 3 /km) is 3 dispersion curvature value of 
the nth optical fiber at the predetermined wavelength. 

RDC = ^ — (1) 

[0021] A dispersion compensator in which the 
15 absolute value of the RDC value is thus small can 

sufficiently compensate for the chromatic dispersion of 
a transmission optical fiber with a small absolute 
value of the RDC value over a broad wavelength band. 
Furthermore, the used wavelength region is the signal 
20 wavelength band in the optical communications system in 

which the dispersion compensator is used, e.g., the C- 
band. Moreover, it is sufficient if the above- 
mentioned conditions (and the following conditions) are 
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satisfied at at least one wavelength within the used 
wavelength region; however, it is more desirable that 
these conditions be satisfied throughout a certain 
wavelength range. 
5 [0022] As described above, the dispersion curvature 

of the first optical fibers (among the N optical 
fibers) is positive in the abovementioned used 
wavelength region; furthermore, the dispersion 
curvature of the second optical fibers (among the N 
10 optical fibers) is negative in the used wavelength 

region. This construction is convenient for reducing 
the absolute value of the RDC value. 

[0023] As a first aspect of the dispersion 
compensator, the dispersion compensator according to 

15 the present invention preferably has an RDS of 

0.0032/nm to 0.0038/nm in the used wavelength region. 
In this first aspect, in cases where a single-mode 
optical fibers defined by the international standard 
ITU-T G. 652 is used as the transmission optical fiber, 

20 the chromatic dispersion of this transmission optical 

fiber can be sufficiently compensated for over a broad 
wavelength region . 

[0024] Also, as a second aspect of the dispersion 
compensator, the dispersion compensator according to 
25 the present invention may have an RDS of 0.0068/nm to 

0.0082 /nm in the used wavelength region. In this 
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second aspect, in cases where a PureGuide (registered 
trademark) , among non-zero dispersion shifted optical 
fibers defined by ITU-T G.655, is used as the 
transmission optical fiber, the chromatic dispersion of 
5 this transmission optical fiber can be sufficiently 

compensated for over a broad wavelength region. 
[0025] Furthermore, as a third aspect of the 

dispersion compensator, the dispersion compensator 
according to the present invention may have an RDS of 

10 0.009/nm to 0.011/nm in the used wavelength region. In 

this third aspect, in cases where a TrueWave-RS 
(registered trademark) , among non-zero dispersion 
shifted optical fibers defined by ITU-T G.655, is used 
as the transmission optical fiber, the chromatic 

15 dispersion of this transmission optical fiber can be 

sufficiently compensated for over a broad wavelength 
region. 

[0026] It is desirable that the dispersion 

compensator according to the present invention have an 
20 insertion loss a (dB) of "-0.005 x (total chromatic 

dispersion (ps/nm) ) + 1.1" or less in the used 
wavelength region . 

[0027] Next, a first embodiment of the optical 
transmission line according to the present invention 
25 comprises a transmission optical fiber which transmits 

signal light of a plurality of channels of different 
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wavelengths, and the dispersion compensator of the 
first aspect which compensates for the optical 
dispersion of this transmission optical fiber. In this 
case, it is desirable that the difference between the 
5 respective RDS values of the transmission optical fiber 

and the dispersion compensator be 0.0003/nm or less. 
Furthermore, in the dispersion compensator of this 
first aspect, it is desirable that the absolute value 
of the total chromatic dispersion throughout the used 

10 wavelength region be 0.01 ps/nm/km or less. 

[002 8] A second embodiment of the optical 
transmission line according to the present invention 
may comprise a transmission optical fiber which 
transmits signal light of a plurality of channels of 

15 different wavelengths, and the dispersion compensator 

of the second aspect which compensates for the 
chromatic dispersion of this transmission optical fiber. 
In this case, it is desirable that the difference 
between the respective RDS values of the transmission 

20 optical fiber and the dispersion compensator be 

0.0007/nm or less. Additionally, it is desirable that 
the absolute value of the total chromatic dispersion 
throughout the used wavelength region be 0.05 ps/nm/km 
or less. 

25 [0029] A third embodiment of the optical 

transmission line according to the present invention 
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may comprise a transmission optical fiber which 
transmits signal light of a plurality of channels of 
different wavelengths, and the dispersion compensator 
of the third aspect which compensates for the chromatic 
5 dispersion of this transmission optical fiber. In this 

case, it is desirable that the difference between the 
respective RDS values of the transmission optical fiber 
and the dispersion compensator be O.OOl/nm or less. 
Further, it is desirable that the absolute value of the 
10 total chromatic dispersion throughout the used 

wavelength region be 0.02 ps/nm/km or less. 
[0030] A fourth embodiment of the optical 
transmission line according to the present invention 
may comprise a transmission optical fiber which has an 
15 RDS of 0.0032/nm to 0.0038/nm at a predetermined 

wavelength in a used wavelength region with a band 
width of 30 nm or more included in the wavelength band 
of 1535 nm to 1610 nm, and a dispersion compensator 
which compensates for the chromatic dispersion of this 
20 transmission optical fiber. In this case, it is 

desirable that the difference between the respective 
RDS values of the transmission optical fiber and the 
dispersion compensator at the predetermined wavelength 
be 0.0003/nm or less. Furthermore, it is desirable 
25 that the absolute value of the total chromatic 
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dispersion throughout the used wavelength region be 
0.01 ps/nm/km or less. 

[0031] A fifth embodiment of the transmission line 
according to the present invention may comprise a 
5 transmission optical fiber which has an RDS of 

0.0068/nm to 0.0082/nm at a predetermined wavelength in 
a used wavelength region with a band width of 30 nm or 
more included in the wavelength band of 1535 nm to 1610 
nm, and a dispersion compensator which compensates for 

10 the chromatic dispersion of this transmission optical 

fiber. In this case, it is desirable that the 

difference between the respective RDS values of the 
transmission optical fiber and the dispersion 
compensator at the predetermined wavelength be 

15 0.0007/nm or less. Also, it is desirable that the 

absolute value of the total chromatic dispersion 
throughout the used wavelength region be 0.05 ps/nm/km 
or less. 

[0032] A sixth embodiment of the optical 

20 transmission line according to the present invention 

may comprise a transmission optical fiber which has an 
RDS of 0,009/nm to 0.011/nm at a predetermined 
wavelength in a used wavelength region with a band 
width of 30 nm or more included in the wavelength band 
25 of 1535 nm to 1610 mu, and a dispersion compensator 

which compensates for the chromatic dispersion of this 
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transmission optical fiber. In this case, it is 
desirable that the difference between the respective 
RDS values of the transmission optical fiber and the 
dispersion compensator at the predetermined wavelength 
5 be O.OOl/nm or less. And, it is desirable that the 

absolute value of the total chromatic dispersion 
throughout the used wavelength region be 0.019 ps/nm/km 
or less. 

[0033] In the optical transmission lines of the 

10 fourth through sixth embodiments, it is desirable that 

the used wavelength region includes the wavelength 
range of 1535 to 1565 nm. 

[0034] In all of the optical transmission lines 
according to the first through sixth embodiments, the 

15 absolute value of the total chromatic dispersion can be 

sufficiently reduced over a broad wavelength region. 
Furthermore, the optical transmission lines according 
to the first and fourth embodiments include a single- 
mode optical fiber defined by ITU-T G.652 as a 

20 transmission optical fiber. The optical transmission 

lines according to the second and fifth embodiments 
include PureGuide (registered trademark), among non- 
zero dispersion shifted optical fibers defined by ITU-T 
G.655, as a transmission optical fiber. On the other 

£5 hand, the optical transmission lines according to the 

third and sixth embodiments include a TrueWave-RS 
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(registered trademark), among non-zero dispersion 
shifted optical fibers defined by ITU-T G.655, as a 
transmission optical fiber. 

[0035] The optical communications system according 
5 to the present invention transmits signal light of a 

plurality of channels of different wavelengths via one 
of the optical transmission lines according to the 
first through sixth embodiments. Since this optical 
communications system transmits signal via the optical 
transmission lines in which the absolute value of the 
chromatic dispersion is sufficiently small over a broad 
wavelength region, high-quality transmission of the 
signal light of a plurality of channels is possible. 
[0036] The present invention will be more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings, which are 
given by way of illustration only and are not to be 
considered as limiting the present invention. 
[0037] Further scope of applicability of the present 

invention will become apparent from the detailed 
description given hereinafter. However, it. should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
25 various changes and modifications within the spirit and 
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scope of the invention will be apparent to those 
skilled in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Fig. 1 is a graph showing chromatic 
5 dispersion characteristics of the dispersion 

compensating optical fiber used as the optical fiber 
according to the present invention; 

[0039] Fig. 2A is a sectional view showing the 

structure of the dispersion compensating optical fiber 
10 having the chromatic dispersion characteristics shown 

in Fig. 1; whereas Fig. 2B is a refractive index 
profile of the same; 

[0040] Fig. 3A is a perspective view of the 

dispersion compensator according to the present 
15 invention, whereas Fig. 3B is a sectional view of this 

dispersion compensator along line I-I in Fig. 3A; 
[0041] Fig. 4 is a diagram showing the construction 

of an optical transmission system in which the 
dispersion compensator shown in Figs. 3A and 3B is 
20 used; 

[0042] Fig. 5 is a graph showing the chromatic 
dispersion characteristics of a conventional dispersion 
compensating optical fiber and transmission optical 
fiber prepared as. comparative example F3 of the optical 
25 fiber according to the present invention; 
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[0043] Fig. 6 is a table showing the optical 

characteristics of samples Fl and F2 prepared as 
optical fibers according to the present invention, and 
of comparative example F3; 
5 [0044] Fig. 7 is a table showing the optical 

characteristics of samples Ml through M8 of the 
dispersion compensator according to the present 
invention; 

[004 5] Fig. 8 is a graph showing the chromatic 

10 dispersion characteristics of sample M8 of the 

dispersion compensator according to the present 
invention; 

[0046] Fig. 9 is a graph showing the chromatic 

dispersion characteristics of the optical transmission 
15 line as a whole in a case where sample M8 of the 

dispersion compensator according to the present 
invention is connected to the transmission optical 
fiber; 

[0047] Fig. 10 is a diagram showing the construction 

20 of one embodiment of the optical communications system 

according to the present invention; 

[004 8] Fig. 11 is a diagram showing the schematic 
construction of the dispersion compensator (the 
dispersion compensator according to the present 
25 invention) used in the optical communications system 

shown in Fig. 10; 
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[0049] Fig. 12 is a table summarizing the respective 
specifications of samples F4 through F14 of optical 
fibers (optical fibers according to the present 
invention) that can be used in the dispersion 
5 compensator according to the present invention, and 

samples F15 through F17 of optical fibers that can be 
used as transmission optical fibers; 

[0050] Fig. 13A is a graph showing the cross- 

sectional structure of an optical fiber that can be 
10 used in the dispersion compensator according to the 

present invention, whereas Fig. 13B is the refractive 
index profile of the same; 

[0051] Fig. 14 is a table summarizing the respective 

specifications of samples M9 through M12 of the 
15 dispersion compensator according to the present 

invention; 

[0052] Fig. 15 is a graph showing the respective 

chromatic dispersion characteristics of the dispersion 
compensator of sample M9, and two optical fibers F4 and 

20 F7 that constitute this dispersion compensator; 

[0053] Fig. 16 is a graph showing the overall 
chromatic dispersion characteristics of an optical 
transmission line including the dispersion compensator 
of sample M9 and the transmission optical fiber F15 

25 with a length of 100 km; 
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[0054] Fig. 17 is a diagram showing the respective 

chromatic dispersion characteristics of the dispersion 
compensator of sample M10, and two optical fibers F5 
and F8 that constitute this dispersion compensator; 
[0055] Fig. 18 is a graph showing the overall 
chromatic dispersion characteristics of an optical 
transmission line including the dispersion compensator 
of sample M10 and the transmission optical fiber F15 
with a length of 80 km; 

[0056] Fig. 19 is a graph showing the respective 
chromatic dispersion characteristics of the dispersion 
compensators of samples Mil and M12, and two optical 
fibers F6 and F9 that constitute these dispersion 
compensators ; 

[0057] Fig. 20 is a graph showing the overall 
chromatic dispersion characteristics of an optical 
transmission line including the dispersion compensator 
of sample Mil and the transmission optical fiber F16 
with a length of 100 km; 

[0058] Fig. 21 is a graph showing the overall 
chromatic dispersion characteristics of an optical 
transmission line including the dispersion compensator 
of sample M12 and the transmission optical fiber F17 
with a length of 100 km; 

[0059] Fig. 22 is a table summarizing the 
construction of the dispersion compensators of samples 
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M9 through M18, and the specifications of optical 
transmission lines including these dispersion 
compensators ; 

[0060] Fig. 23 is a graph showing the relationship 
between insertion loss and total chromatic dispersion 
for samples A through C and comparative examples a 
through c of the dispersion compensator according to 
the present invention; 

[0061] Fig. 24 is a graph showing the relationship 
between non-linear phase shift amount and total 
chromatic dispersion for samples A through C and 
comparative examples a through c of the dispersion 
compensator according to the present invention; 
[0062] Fig. 25 is a graph showing the relationship 

between the polarization mode dispersion (PMD) of the 
dispersion compensator and the total chromatic 
dispersion for samples A through C and comparative 
examples a through c of the dispersion compensator 
according to the present invention; and 
20 [0063] Fig. 26 is a graph showing the relationship 

between y*L e ff and the total chromatic dispersion for 
samples A through C and comparative examples a through 
c of the dispersion compensator according to the 
present invention. 
25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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[0064] Respective embodiments of the optical fiber, 
dispersion compensator, optical transmission line and 
optical communications system according to the present 
invention will be described in detail below with 
5 reference to Figs. 1, 2A, 3B, 4 through 12, 13A, 13B 

and 14 through 26. Furthermore, in the description of 
the figures, the same symbols are assigned to the same 
or corresponding elements, and a redundant description 
is omitted. 

10 [0065] First, the dispersion compensating optical 

fiber as the optical fiber according to the present 
invention will be described. Fig. 1 is a graph showing 
the respective chromatic dispersion characteristics of 
dispersion compensating optical fibers A, B and C 

15 constituting optical fibers according to invention. In 

these dispersion compensating optical fibers A, B and C, 
as shown in Fig. 1, the chromatic dispersion profile of 
the fundamental mode has a shape that bulges downward 
in a broad wavelength band from 1520 to 1620 nm; 

20 furthermore, the chromatic dispersion in these optical 

fibers is -100 ps/nm/km or less. Specifically, in each 
of the dispersion compensating optical fibers A, B and 
C, throughout the entire wavelength band described 
above (except for the shortest wavelength (1520 nm) and 

25 the longest wavelength (1620 nm) ) , the chromatic 

dispersion profile of the fundamental mode defined by 
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the orthogonal coordinate system of the wavelength and 
chromatic dispersion values has a shape which is such 
that the chromatic dispersion values on this chromatic 
dispersion profile are respectively located on the 
5 minus side with respect to the associated chromatic 

dispersion values on a straight line connecting the 
chromatic dispersion value at the shortest wavelength 
and the chromatic dispersion value at the 
abovementioned longest wavelength. 

10 [0066] Here, this wavelength band from 1520 to 1620 

nm includes the C-band (band width 1535 to 1565 nm) L- 
band (band width 1565 to 1610 nm) , expanded L-band 
(band width 1554 to 1608 nm) and C- and L-band (band 
width 1535 to 1610 nm) . 

15 [0067] The chromatic dispersion profile of the 

fundamental mode in a conventional transmission optical 
fiber such as a single-mode fiber or the like has a 
shape which bulges in the plus direction with respect 
to the reference line as seen from the chromatic 

20 dispersion value axis (i.e., a shape which bulges in 

the opposite direction from the chromatic dispersion 
profile of the dispersion compensating optical fibers A, 
B and C) ; accordingly, if the chromatic dispersion of 
an optical transmission line is compensated for 

25 utilizing a conventional dispersion compensating fiber 

in which the chromatic dispersion profile has a shape 



25 



20 0 3S1UH8B 201145ft SOE! PATET i LAW FIRM 



NO. 1222 



P. 30/130 
FP03-0296-00 



that bulges in the plus direction in the respective 
bands as seen from the chromatic dispersion value axis, 
the chromatic dispersion profile of the optical 
transmission line as a whole will also have a shape 
5 that bulges in the plus direction as seen from the 

chromatic dispersion value axis, so that appropriate 
compensation for dispersion may be impossible in some 
cases . 

[0068] However, the optical fibers according to 

10 invention (dispersion compensating fibers A, B and C) ; 

all have a negative chromatic dispersion in the 
respective bands mentioned above, and in these optical 
fibers, the chromatic dispersion profile of the 
fundamental mode has a shape that bulges in the minus 
15 direction as seen from the chromatic dispersion value 

axis; accordingly, appropriate compensation for the 
chromatic dispersion of the optical transmission line 
is possible. 

[0069] As described above, the dispersion 
20 compensating optical fibers A, B and C have a negative 

chromatic dispersion (-100 ps/nm/km or less, and 
preferably -200 ps/nm/km or less) over a broad 
wavelength band of 1520 to 1620 nm; furthermore, the 
chromatic dispersion profiles of these optical fibers 
25 have a shape that bulges in the minus direction as seen 

from the chromatic dispersion value axis. However, in 
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accordance with the used wavelength region of the 
transmission optical fiber, these dispersion 
compensating optical fibers A, B and C may also have a 
negative chromatic dispersion in the C-band only, L- 
5 band only, expanded L-band only or C- and L-band only, 

and the chromatic dispersion profile may have a shape 
that bulges in the minus direction as seen as seen from 
the chromatic dispersion value axis. 

[0070] In regard to dispersion compensation for 
10 transmission optical fibers using such dispersion 

compensating optical fibers, there is first of all 
dispersion compensation in which the absolute value of 
the chromatic dispersion of the optical transmission 
line as a whole is reduced more or less to a value of 
15 zero throughout the respective bands after dispersion 

compensation (including the dispersion slope) is 
performed in the respective bands. Secondly, there is 
dispersion compensation in which the absolute value of 
the chromatic dispersion of the optical transmission 
20 line is reduced throughout the respective bands with 

the dispersion slope left M as is". 

[0071] Next, dispersion compensating optical fibers 
that are more desirable in cases where the first and 
second types of dispersion compensation are performed 
25 will be described. 
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[0072] First of all, in regard to the first 
dispersion compensation, appropriate conditions for the 
dispersion compensating optical fiber used in cases 
where compensation is made for the chromatic dispersion 
5 of the optical transmission line (including the 

dispersion slope) will be described. 

[0073] By connecting only the dispersion 
compensating optical fiber according to invention to 
the transmission optical fiber, it is possible to 

10 reduce the chromatic dispersion of the optical 

transmission line including the dispersion compensating 
optical fiber and transmission optical fiber more or 
less to a value of zero throughout the respective bands. 
In this case, it is desirable that the dispersion 

15 compensating optical fiber have a negative dispersion 

slope in the wavelength bands of the C-band, L-band, 
expanded L-band or C- and L-band as shown by the 
dispersion compensating optical fiber B in Fig. 1, i.e., 
that the dispersion compensating optical fiber have 

20 chromatic dispersion characteristics which are such 

that the chromatic dispersion decreases monotonically 
as the wavelength increases. In this way, appropriate 
compensation can be made for the chromatic dispersion 
of a transmission optical fiber in which the chromatic 

25 dispersion profile bulges in the plus direction (as 
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seen from the chromatic dispersion value axis) 
throughout the respective bands. 

[0074] Also, the chromatic dispersion of an optical 
transmission line including a transmission optical 
5 fiber can be compensated at about zero in each band, by 

combining the dispersion compensating optical fiber 
according to the present invention and a conventional 
dispersion compensating optical fiber in which the 
chromatic dispersion profile bulges in the plus 

10 direction as seen from the chromatic dispersion value 

axis. In this case as well, the dispersion 

compensating optical fiber according to invention may 
have a negative dispersion slope in the wavelength 
bands of the C-band, L-band, expanded L-band or C- and 

15 L-band as shown by the dispersion compensating optical 

fiber B in Fig. 1. 

[0075] In cases where compensation is made for the 

chromatic dispersion of a transmission optical fiber 
which has a positive chromatic dispersion by combining 

20 two dispersion compensating optical fibers as described 

above, compensation which lowers the absolute value of 
the chromatic dispersion of the transmission optical 
fiber in the respective bands may be performed by means 
of a dispersion compensating optical fiber with 

25 chromatic dispersion characteristics such as those 

shown in Fig. 1 (i.e., the optical fiber according to 
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invention) , while the dispersion slope of the 
transmission optical fiber is compensated for mainly by 
means of the conventional dispersion compensating 
optical fiber. In this case, the dispersion 

5 compensating optical fibers that are used may have a 

wavelength which is such that the dispersion slope is 
zero. In other words, the minimum value of the 
chromatic dispersion may be outside both ends of the 
wavelength band as in the case of, for example, the 
10 dispersion compensation optical fibers A and C shown in 

Fig. 1. 

[007 6] In the case of the dispersion compensating 

optical fibers A and C shown in Fig. 1, the dispersion 
compensating optical fiber (i.e., the optical fiber 

15 according to the present invention) that is combined 

with the conventional dispersion compensating optical 
fiber can be shortened if the absolute value of the 
difference between the maximum value and minimum value 
of the chromatic dispersion in the respective bands is 

20 increased, so that the size of the dispersion 

compensator (which will be described in detail later) 
can be reduced, which is desirable. Here, it is 
desirable that the difference between the maximum value 
and the minimum value of the chromatic dispersion of 

25 the dispersion compensating optical fiber according to 

invention be 10 ps/nm/km or more. In concrete terms, 
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since the difference between the maximum value and 
minimum value of the chromatic dispersion is more in 
the case of the dispersion compensating optical fiber C 
shown in Fig. 1 than in the case of the dispersion 
5 compensating optical fiber A shown in Fig. 1, this 

optical fiber C is suitable for combination with the 
above-mentioned conventional dispersion compensating 
optical fiber. 

[0077] Reducing the residual chromatic dispersion in 

10 the C- and L-band of an optical transmission line with 

a length of 120 km to a small value of, for example, 
approximately 0.2 ps/nm/km or less by connecting a 
conventional dispersion compensating optical fiber to 
the transmission optical fiber has been difficult in 
15 the past. Here, the residual chromatic dispersion of a 

certain wavelength band refers to the absolute value of 
the difference between the maximum value and minimum 
value of the chromatic dispersion in this wavelength 
band. 

20 [007 8] However, if the chromatic dispersion of the 

optical transmission line as a whole is compensated for 
by connecting a hybrid dispersion compensating optical 
fiber combining the dispersion compensating optical 
fiber according to invention and a . conventional 

25 dispersion compensating optical fiber to the 

transmission optical fiber, then the chromatic 
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dispersion profile of the optical transmission line 
approaches a horizontal straight line with respect to 
wavelength more closely than in a conventional system. 
[0079] Accordingly, in cases where the dispersion of 
S the optical transmission line as a whole is compensated 

for by connecting a hybrid dispersion compensating 
optical fiber comprising the dispersion compensation 
optical fiber according to the present invention and a 
conventional dispersion compensating optical fiber to 

10 transmission single-mode optical fiber in which the 

chromatic dispersion in the C- and L-band is positive, 
e.g., in which the chromatic dispersion at a wavelength 
of 1550 nm is 16 to 21 ps/nm/km, the residual chromatic 
dispersion of the optical transmission line in the C- 

15 and L~band is a small value not seen in the past, e.g., 

0.2 ps/nm/km or less. 

[0080] I an optical transmission line is constructed 

by connecting a hybrid dispersion compensating optical 
fiber comprising the dispersion compensating optical 

20 fiber according to invention and a conventional 

dispersion compensating optical fiber to a transmission 
single-mode optical fiber with a length of 100 km, the 
residual chromatic dispersion can be reduced to a value 
of 0.2 ps/nm/km or less in the wavelength bands of the 

25 Oband, L-band, expanded L-band or C- and L-band. In 

the case of such an optical transmission line, signal 
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transmission at a transmission rate of 40 Gbps is 
possible. 

[0081] Next, as an example of the second dispersion 
compensation, a case in which the absolute value of the 
5 chromatic dispersion of the transmission optical fiber 

is reduced throughout the respective bands using the 
dispersion compensating optical fiber according to the 
present invention will be described. 

[0082] For example, in a case where the chromatic 

10 dispersion of an optical transmission line including a 

short optical transmission fiber (e.g., with a length 
of approximately 50 km) is compensated for, it is not 
absolutely necessary to compensate for the dispersion 
slope of the optical transmission line so that the 

15 chromatic dispersion is reduced more or less to a value 

of zero throughout the respective bands; there are 
cases in which the design of the optical transmission 
line is easier if compensation which is such that the 
chromatic dispersion in the respective bands is 

20 subtracted is performed. 

[0083] On the other hand, in cases where the 

chromatic dispersion of an optical transmission line 
including a long optical transmission fiber (e.g., with 
a length of several thousand kilometers) is compensated 

25 for, a plurality of dispersion compensators are 

disposed on the optical transmission line; even so, 
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there may be cases in which a large chromatic 
dispersion in predetermined wavelength bands remains in 
the optical transmission line following compensation. 
In such cases, in wavelength bands in which he residual 
5 dispersion is large so that the desired propagation 

rate cannot be obtained, it is necessary that 
dispersion compensation be performed separately for 
these wavelength bands. In such cases as well, it is 
advisable to perform dispersion compensation so that 
10 the chromatic dispersion is subtracted in the 

individual wavelength bands. 

[0084] In cases where compensation that subtracts 

the chromatic dispersion in the respective bands is 
thus performed, it is desirable that dispersion 
15 compensation be performed by connecting only the 

dispersion compensating optical fiber according to 
invention to a transmission optical fiber which has a 
positive chromatic dispersion. 

[0085] It is desirable that the chromatic dispersion 

20 of the dispersion compensating optical fiber be flat in 

the respective bands. In other words, it is desirable 
that the absolute value of the difference between the 
maximum value and minimum value of the chromatic 
dispersion be small. For example, if the minimum value 
25 of the chromatic dispersion is outside both ends of the 

respective wavelength bands, the absolute value of the 
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difference between the maximum value and minimum value 
of the chromatic dispersion in the respective bands can 
easily be reduced to a small value. In concrete terms, 
it is desirable that the absolute value of the 
5 difference between the maximum value and minimum value 

be less than 10 ps/nm/km, so that the dispersion 
compensating optical fiber A is more desirable than the 
dispersion compensating optical fiber C in Fig. 1. 
[0086] It is desirable that the dispersion 

10 compensating optical fiber according to invention have 

chromatic dispersion characteristics which are such 
that the chromatic dispersion shows a minimum value at 
the center wavelength in each band. In this case, 
since the chromatic dispersion values at both ends of 

15 each band are more or less equal, the dispersion slope 

of the wavelength band tends to be close to zero. 
[0087] Desirable conditions for the dispersion 

compensating optical fiber according to invention, 
including the first dispersion compensation and second 

20 dispersion compensation will be further described below. 

It is desirable that the dispersion compensating 
optical fiber according to invention has a chromatic 
dispersion of -100 ps/nm/km or less, preferably -200 
ps/nm/km or less, in each band. By lowering the 

25 chromatic dispersion, it is possible to shorten the 

length of the dispersion compensating optical fiber 
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required in order to compensate for the chromatic 
dispersion of the transmission optical j fiber . 
[0088] Furthermore, in the dispersion compensating 
optical fiber according to the present invention, it is 
5 desirable that the diameter of the glass portion 

including the core and cladding (hereafter referred to 
as the "glass diameter") be 60 to 125 jun, and that the 
thickness of the covering that covers this glass 
portion be 15 to 65 urn. If a slender optical fiber in 
10 which the diameter of the glass portion is small and 

the thickness of the covering is thin is used, this 
optical fiber can be wound to form a coil, and the 
volume occupied by the optical fiber in which 
dispersion compensator in which this coil is 
15 accommodated in a housing can be reduced. 

[008 9] Since the accommodation space in the relay 
station in which the dispersion compensator is 
accommodated is limited, there is a strong market 
demand for more compact dispersion compensators. The 
20 coating diameter of ordinarily used dispersion 

compensating optical fibers is 250 ^m; however, the 
coating diameter of the dispersion compensating optical 
fiber according to the present invention can be reduced 
to approximately 90 (im. 
25 [0090] The dispersion compensating optical fiber 

according to the present invention can also be bent at 
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a bending diameter of 40 to 100 mm. By reducing the 
bending diameter, it is possible to reduce the volume 
occupied by the dispersion compensating optical fiber 
when this optical fiber is wound into the form of a 
5 coil, so that the size of the housing that accommodates 

this coil can also be reduced. Specifically, the 
dispersion compensator in which the dispersion 
compensating optical fiber according to the present 
invention is accommodated in a housing can be made more 

10 compact. 

[0091] In the dispersion compensating optical fiber 

according to the present invention, even if the optical 
fiber is bent at a bending diameter of 60 mm, the 
amount of increase in the transmission loss (hereafter 

15 referred to as the "amount of increase in the bending 

loss") at a wavelength of 1550 nm is 0.1 dB/km or less, 
so that this dispersion compensating optical fiber has 
a superior resistance to bending. 

[0092] Additionally, if the amount of increase in 
20 the bending loss at a wavelength of 1550 nm that occurs 

when the optical fiber is wound into a coil with a 
diameter of 60 mm exceeds 0.1 dB/km, this coil will 
have an excessive loss, and will be unsuited for 
practical use. However, in the case of the dispersion 
compensating optical fiber according to the present 
invention, the amount of increase in the bending loss 
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at a wavelength of 1550 nm that occurs when the optical 
fiber is wound at a diameter of 60 mm can be reduced to 
0.1 dB/km or less. Furthermore/ the amount of increase 
in the bending loss at a wavelength of 1550 nm can also 
5 be reduced to 0.1 dB/km or less in cases where the 

dispersion compensating optical fiber is wound at a 
diameter of 40 mm. Moreover, in the dispersion 
compensating optical fiber according to the present 
invention, the effective cutoff wavelength can be 

10 reduced to 1.53 or less in cases where the 

wavelength band of the C- and L-band is used. 
[0093] Next, the construction and refractive index 
profile of the dispersion compensating optical fiber 
according to the present invention will be described 

15 with reference to Figs. 2A and 2B. Fig. 2A is a 

sectional view showing the structure of a dispersion 
compensating optical fiber 100 as the optical fiber 
according to the present invention, and Fig. 2B shows 
the refractive index profile 130 of the same. 

20 [0094] The dispersion compensating optical fiber 100 

shown in Fig. 2A comprises a core 111 including an 
optical axis and having a refractive index of nl, a 
first cladding 112 surrounding the core 111 and having 
a refractive index of n2 lower than nl, a second 

25 cladding 113 surrounding the first cladding 112 and 

having a refractive index of n3 higher than n2, a third 
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cladding 114 surrounding the second cladding 113 and 
having a refractive index of n4 lower than n3, and a 
covering layer 120 provided so as to surrounding the 
third cladding 114. 
5 [0095] Here, the core diameter is designated as 2a, 

the diameter of the first cladding is designated as 2b, 
the diameter of the second cladding is designate as 2c, 
the diameter of the third cladding (glass diameter) is 
designated as d, the relative refractive index 

10 difference of the core 111 with reference to the 

refractive index n4 of the third cladding 114 is 
designated as Anl (= (nl - n4) /n4), the relative 
refractive index difference of the first cladding 112 
with reference to the refractive index n4 of the third 

15 cladding 114 is designated as An2 (= (n2 - n4)/n4), 

and the relative refractive index difference of the 
second cladding 113 with reference to the refractive 
index n4 of the third cladding 114 is designated as 
An3 (= (n3 - n4)/n4). Furthermore, it is desirable 

20 that the relative refractive index difference Anl of 

the core 111 be 2.0 to 4.0%, and that An2 of the first 
cladding 112 be -0.2 to -0.9%. Moreover, it is 
desirable that An3 of the second cladding 113 be 0.2 
to 0.9%, and that the following queen prefecture be 

25 satisfied where A is the core diameter, B is the 
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diameter of the first cladding and C is the diameter of 
the second cladding: 

[0096] 0.2 < (A/C) < 0.4, and 0.4 < (B/C) < 0.8 

[0097] The refractive index profile 130 shown in Fig. 
5 2B indicates the refractive index in various parts 

along the line LI in Fig. 2A. In concrete terms, in 
the refractive index profile 130, the region 131 
indicates the refractive index in various parts of the 
core 111 along the line LI, the region 132 indicates 

10 the refractive index in various parts of the first 

cladding 112 along the line LI, the region 133 
indicates the refractive index in various parts of the 
second cladding 113 along the line LI, and the region 
134 indicates the refractive index in various parts of 

15 the third cladding 114 along the line LI. 

[0098] Next, the construction of the dispersion 
compensator according to the present invention will be 
described with reference to Figs. 3A and 3B . 
Furthermore, Fig. 3A is a perspective view of the 

20 dispersion compensator according to the present 

invention, and Fig. 3B is a sectional view of this 
dispersion compensator along line I-I in Fig. 3A. 
[0099] The dispersion compensator 19 according to 

the present invention is a dispersion compensator for 

25 compensating for the chromatic dispersion of a 

transmission optical fiber by combining the dispersion 
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compensating optical fiber 100 (i.e., the optical fiber 
according to the present invention) and a conventional 
dispersion compensating optical fiber 3. 
[0100] In this dispersion compensator 19, a coil 
5 formed by the winding of the dispersion compensating 

optical fiber 100 is accommodated in the center of a 
housing 1, and a coil formed by the winding of the 
conventional dispersion compensating optical fiber 3 is 
accommodated around the circumferential of the first 

10 coil. These coils are held by a filling material 7. 

In this dispersion compensator 19, the respective coils 
are obtained by winding the optical fibers beforehand 
on a bobbin, and then removing this bobbin. The coils 
thus obtained are held inside the housing 1 in a state 

15 in which the coils are loosened so that the lateral 

pressure is reduced. The two optical fibers 100 and 3 
are connected to each other at one end by fusion 
connection effected by a fusion connection part 8. The 
fusion connection part 8 and the like are further held 

20 by a filling material 11 on the filling material 7. 

[0101] In the manufacture of this dispersion 

compensator, the coil of the dispersion compensating 
optical fiber 100 and the coil of the conventional 
dispersion compensating optical fiber 3 are 

25 accommodated inside the housing 1, and the housing is 

then filled with the filling material 7, except for the 
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areas at both ends of the respective optical fibers 100 
and 3. Then, one end of the dispersion compensating 
optical fiber 100 and one end of the conventional 
dispersion compensating optical fiber 3 are connected 
5 by fusion. Following this fusion connection, the 

excess length portions 12 are maintained in the 
vicinity of the fusion connection part 8. Furthermore, 
pigtail fibers lb which have connectors la attached to 
their end portions are connected by fusion to the other 

10 end of the dispersion compensating optical fiber 100 

and the other end of the conventional dispersion 
compensating optical fiber 3. These pigtail fibers lb 
are prepared in order to facilitate the connection of 
the transmission optical fiber to the dispersion 

15 compensator 19. Furthermore, these fusion connection 

parts 8 and 10 and excess length portions 12 are 
carried on the upper part of the previously hardened 
filling material 7. Moreover, these fusion connection 
parts 8 and 10 and excess length portions 12 are held 

20 by filling the interior of the housing 1 with a filling 

material 11 and hardening this filling material 11. 
[0102] Here, the coils inside the housing 1 may be 
in a state in which these coils are held on bobbins, or 
may simply be in a tightly wound state in which the 

25 bobbins have been removed. Furthermore, in Figs. 3A 

and 3B, the outer diameter of the coil of the 
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dispersion compensating optical fiber 100 is smaller 
than the inner diameter of the coil of the conventional 
dispersion compensating optical fiber 3; however, it 
would also be possible to make the inner diameter of 
5 the coil of the dispersion compensating optical fiber 

100 larger than the outer diameter of the conventional 
dispersion compensating optical fiber 3, and to dispose 
the conventional dispersion compensating optical fiber 
3 on the inside of the dispersion compensating optical 

10 fiber 100. Furthermore, these two coils may also be 

stacked one above the other inside the housing 1 . The 
dispersion compensating optical fiber 100 and the 
conventional dispersion compensating optical fiber 3 
may also be placed in respectively separate housings. 

15 [0103] The term "coil" is used to refer to a state 

in which the optical fibers 100 and 3 are wound on 
bobbins, a state in which the bobbins have been removed 
so that the optical fibers are in a tightly wound state, 
or a state in which the optical fibers have been 

20 loosened following the removal of the bobbins (i.e., a 

state in which the lateral pressure exerted by the 
respective optical fibers on each other is reduced) . 
[0104] It is desirable that the dispersion 

compensating optical fiber 100 used in the dispersion 

25 compensator according to the present invention be bent 

into the form of a coil with a bending diameter of 40 
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to 100 mm, preferably 40 to 80 mm, and even more 
preferably 4 0 to 60 mm. By reducing the bending 
diameter, it is possible to reduce the volume occupied 
by the dispersion compensating optical fiber when this 
5 optical fiber is wound into the form of a coil, so that 

the size of the housing that accommodates this coil can 
also be reduced. In particular, the dispersion 

compensator in which the dispersion compensating 
optical fiber is accommodated in a housing can be made 

10 more compact . 

[0105] A soft resin is desirable as the filling 
material with which the areas around the coils and the 
areas inside the coils are filled. In particular, it 
is desirable that the penetration of the resin after 

15 hardening, which is measured by using a 1/4 cone as 

defined by JIS K 2220-1993, be 5 to 200 in a 
temperature range of -20°C to 70°C. Furthermore, it is 
desirable that the filling material be caused to 
penetrate to the interior of the coil (i.e., to fill 

20 the spaces between the windings of the optical fiber 

wound into coil form) . If a filling material whose 
viscosity prior to hardening is 0,01 to 0.6 Pa-s at 
ordinary temperatures is used, then not only the 
periphery of the coil but also the spaces between the 

25 optical fiber windings can easily be filled with the 

filling material, so that the optical fiber windings 
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can be individually covered by the filling material. A 
silicone gel or the like can be utilized as such a 
filling material. Furthermore, instead of a filling 
material, it would also be possible to install a 
5 cushioning material such as a sponge or the like on the 

circumferences and insides of the coils inside the 
housing 1 . 

[0106] In regard to the manner in which the interior 

of the housing 1 is filled with such a filling material, 

10 it is desirable that this filling be devised so that no 

unnecessary external force is applied to the fusion 
connection part 8 between the optical fibers. For 
example, when the filling material 11 is introduced 
onto the fusion connection part 8 and excess length 

15 portions 12 on top of the filling material 7, it is 

desirable that the angle formed by the surface of the 
filling material 7 and the fusion connection part 8 or 
excess length portions 12 of the optical fibers be 30 
degrees or less. Furthermore, it is desirable that the 

20 bending diameter of the excess length portions 12 

(portions of the optical fibers) around the fusion 
connection part 8 be, for example, 60 mm or more. 
Moreover, instead of using the filling material 11, it 
would also be possible to fasten the fusion connection 

25 part 8 and excess length portions 12 to the surface of 

the filling material 7. 
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[0107] The dispersion compensating optical fiber 100 

used in such a dispersion compensator is the dispersion 
compensating optical fiber described above (i.e., the 
optical fiber according to the present invention) . 
5 [0108] As described above, it is desirable that the 

dispersion slope of the conventional dispersion 
compensating optical fiber 3 that is used in 
combination with the dispersion compensating optical 
fiber 100 has characteristics that compensate for the 
10 dispersion slope of the transmission optical fiber. 

[0109] In cases where the dispersion slope of the 

transmission optical fiber is large, as in a non-zero 
dispersion shift fiber, a dispersion compensating 
optical fiber which has a small dispersion slope and a 
15 large total dispersion slope is desirable as the 

conventional dispersion compensating optical fiber 3. 
[0110] For example, in cases where compensation is 

made for the chromatic dispersion of a non-zero 
dispersion shifted optical fiber through which 
20 communications light of the C-band is transmitted, such 

as LEAF (registered trademark) manufactured by Corning 
Co. or the like, it is desirable that the conventional 
dispersion compensating optical fiber 3 that is 
combined with the dispersion compensating optical fiber 
25 100 have a dispersion slope of -0.5 ps/nm 2 /km or less 

at a wavelength of 1550 nm. 
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[0111] On the other hand, in cases where 
compensation is made for the chromatic dispersion of a 
non-zero dispersion shifted optical fiber through which 
communications light of the L-band, expanded L-band or 
5 C- and L-band is transmitted, such as the LEAF or the 

like, it is desirable that the conventional dispersion j 
compensating optical fiber 3 that is combined with the 
dispersion compensating optical fiber 100 have a 
dispersion slope of -0.2 ps/nm 2 /km or less at a 

10 wavelength of 1550 nm. 

[0112] Also, in cases where compensation is made for 
the chromatic dispersion of transmission optical fibers 
other than those mentioned above, it is desirable that 
the conventional dispersion compensating optical fiber 

15 3 that is combined with the dispersion compensating 

optical fiber 100 have a dispersion slope of -0.2 
ps/nm 2 /km or less at a wavelength of 1550 nm. 
[0113] Furthermore, in cases where compensation is 
made for the chromatic dispersion of a transmission 

20 optical fiber that has a positive chromatic dispersion 

using only the dispersion compensating optical fiber 
100, a dispersion compensator with a construction in 
which only the coil of this dispersion compensating 
optical fiber 100 is accommodated inside the housing 1 

25 may be used. 
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[0114] In such a dispersion compensator, in cases 
where compensation is made for the chromatic dispersion 
of a short transmission optical fiber, the length of 
the dispersion compensating optical fiber may be 
5 shortened- As a result, the size of the dispersion 

compensator can also be reduced. 

[0115] For example, in cases where the total 

chromatic dispersion of the transmission optical fiber 
for which compensation is to be made is -1200 ps/nm or 

10 more but less than -600 ps/nm at a wavelength of 1550 

nm, the housing volume of the dispersion compensator 
can be reduced to 500 cm 3 or less. In this case, for 
example, the external dimensions of the housing 1 can 
be reduced to 170 mm or less (long) x 170 mm or less 

15 (wide) x 17 mm or less (high) . 

[0116] In cases where the total chromatic dispersion . 

of the transmission optical fiber for which 
compensation is to be made is -600 ps/nm or more but 
less than 0 ps/nm at a wavelength of 1550 nm, the 

20 housing volume of the dispersion compensator can be 

reduced to 310 cm 3 or less. In this case, for example, 
the external dimensions of the housing 1 can be reduced 
to 130 mm or less (long) x 130 mm or less (wide) x 17 
mm or less (high) . 

25 [0117] Furthermore, in cases where the total 

chromatic dispersion of the transmission optical fiber 
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for which compensation is to be made is -300 ps/nm or 
more but less than 0 ps/nm at a wavelength of 1550 nm, 
the housing volume of the dispersion compensator can be 
reduced to 260 cm 3 or less. In this case, for example, 
5 the external dimensions of the housing 1 can be reduced 

to 120 mm or less (long) x 120 mm or less (wide) x 18 
mm or less (high) . 

[0118] Furthermore, in cases where the total 
chromatic dispersion of the transmission optical fiber 

10 for which compensation is to be made is -80 ps/nm or 

more but less than 0 ps/nm at a wavelength of 1550 nm, 
the housing volume of the dispersion compensator can be 
reduced to 14 0 cm 3 or less. In this case, for example, 
the external dimensions of the housing 1 can be reduced 

15 to 100 mm or less (long) x 100 mm or less (wide) x 14 

mm or less (high) . 

[0119] In the dispersion compensator according to 

the present invention, as described above, since the 
dispersion compensating optical fiber (i.e., the 

20 optical fiber according to the present invention) is 

used, appropriate compensation can be made for the 
chromatic dispersion of a transmission optical fiber. 
[0120] Next, the construction of the optical 
communications system 151 according to the present 

25 invention will be described with reference to Fig. 4. 



4- 
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[0121] As shown in Fig. 4, the optical transmission 
system 151 comprises an optical transmission line 170 
disposed on signal light transmission path extending 
from a transmitter 53 that outputs signal light of the 
5 C- and L- band (multiplexed signal light in which a 

plurality of channels are multiplexed) to a receiver 57 
that receives this signal light. This optical 

transmission line is constructed from a transmission 
optical fiber 55, a relay 58 and a relay 59. 
10 [0122] The transmission optical fiber 55 is a single 

mode optical fiber with chromatic dispersion profile 
having a shape that bulges in the plus direction as 
seen from the chromatic dispersion value axis in the C- 
and L-band, and has a positive chromatic dispersion in 
15 the C- and L-band. 

[0123] The relay 58 comprises a wave divider 101 

which splits the signal light from the transmitter 53 
into the C-band and L-band, an optical amplifier 102 
which amplified the C-band obtained by this light 
20 splitting, an optical amplifier 103 which amplifies the 

L-band obtained by this light splitting, and a wave 
synthesizer 104 which synthesizes the respective bands 
output from the optical amplifier 102 and optical 
amplifier 103, and sends the resulting synthesized wave 
25 to the transmission optical fiber 55. 
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[0124] The relay 59 has a wave divider 111 which 

splits the signal light of the C- and L-band propagated 
through the transmission optical fiber 55 into the C- 
band and L-band, an optical amplifier 112 which 
5 amplifies the C-band obtained by this light splitting, 

a dispersion compensator 115 having the structure 
described above into which the signal light amplified 
by the optical amplifier 112 is directed, an optical 
amplifier 113 which amplifies the L-band obtained by 

10 the light splitting performed by the wave divider 111 / 

a dispersion compensator 116 having the structure 
described above into which the signal light amplified 
by the optical amplifier 113 is directed, and a wave 
synthesizer 114 which synthesizes the respective bands 

15 output from the dispersion compensator 115 and 

dispersion compensator 116, and outputs the resulting 
synthesized wave to the receiver 57. 

[0125] For example, erbium-doped optical fibers 
(EDF) or the like can be utilized as these optical 
20 amplifiers 102, 103, 112 and 113. 

[0126] Signal light in which a plurality of channels 

included in the C- and L-band are multiplexed 
(multiplexed signal light) is output from the 
transmitter 53. This signal light is amplified for the 
25 respective bands in the relay 58, and is propagated 

through the transmission optical fiber 55. Then, the 
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signal light that reaches the relay 59 is again 
amplified for each band, and dispersion compensation is 
performed for each band by the dispersion compensators 

115 and 116. Then, after the signal light for which 
5 dispersion compensation has been performed is 

synthesized, this light reaches the receiver 57. Then, 
the receiver 20 splits this multiplexed signal light 
and receives the respective channels. 

[0127] In the optical transmission line 170 of the 

10 optical transmission system 151 constructed as 

described above, since dispersion compensators 115 and 

116 have the structure described above are provided, 
appropriate compensation can be achieved for the 
chromatic dispersion of the optical transmission line 

15 170 as a whole. Accordingly, deterioration of the 

signal waveform can be effectively suppressed. In 
concrete terms, for example, the residual chromatic 
dispersion of the respective bands in the optical 
transmission line 170 can be reduced to 0.2 ps/nm/km or 

20 less. 

[0128] Furthermore, in the case of such dispersion 

compensators 115 and 116, it is desirable that at least 
one dispersion compensator be installed for each 150 km 
of the optical transmission line. 
25 [0129] Next, a plurality of samples of the 

dispersion compensating optical fiber, dispersion 
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compensator and optical transmission line having the 
above-mentioned structures were manufactured and 
evaluated. 

[0130] First, sample Fl of the dispersion 

5 compensating optical fiber constituting the optical 

fiber according to the present invention has a triple 
cladding type refractive index profile of the type 
shown in Figs. 2A and 2B. In this fiber sample Fl, the 
core diameter 2a is 2.6 pm, the first cladding diameter 

10 2b is 5.2 nm, and the second cladding diameter 2c is 

10.8 |im. Furthermore, the relative refractive index 
difference Anl of the core with respect to the third 
cladding is 2.8%, the relative refractive index 
difference of the first cladding An2 is -0.74%, and 

15 the relative refractive index difference An3 of the 

second cladding is 0.32%. 

[0131] Fiber sample Fl has a chromatic dispersion of 

-172 ps/nm/km and a dispersion slope of -0.16 ps/nm 2 /km 
at a wavelength of 1520 nm, a chromatic dispersion of - 

20 176 ps/nm/km and a dispersion slope of -0.08 ps/nm 2 /km 

at a wavelength of 1550 nm, and a mode field diameter 
(MFD) of 4.0 nm. Furthermore, the effective cutoff 
wavelength in a 2-meter length of this fiber sample Fl 
is 1.2 8 fim, the amount of increase in the bending loss 

25 at a wavelength of 1550 nm when the bending diameter is 

40 mm is 0.01 dB/km or less, and the amount of increase 
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in the bending loss at a wavelength of 1550 run when the 
bending diameter is 60 mm is 0.01 dB/km or less. 
[0132] As shown in Fig. 1, the chromatic dispersion 
profile of fiber sample Fl has negative chromatic 
5 dispersion in the C- and L-band, and has a shape that 

bulges in the minus direction as seen from the 
chromatic dispersion value axis. 

[0133] Like fiber sample Fl, sample F2 of the 
dispersion compensating optical fiber according to the 
10 present invention also has a triple cladding type 

refractive index profile. In this fiber sample F2, the 
core diameter 2a is 3.2 Jim, the first cladding diameter 
2b is 7.7 ^irn, and the second cladding diameter 2c is 
15.4 |im. Furthermore, the relative refractive index 

15 difference Anl of the core with respect to the third 

cladding is 2.8%, the relative refractive index 
difference An2 of the first cladding is -0.74%, and 
the relative refractive index difference An3 of the 
second cladding is 0.32%. 

20 [0134] Fiber sample F2 has a chromatic dispersion of 

-249 ps/nm/km and a dispersion slope of -0.64 ps/nm 2 /km 
at a wavelength of 1520 nm, a chromatic dispersion of - 
263 ps/nm/km and a dispersion slope of -0.28 ps/nm 2 /km 
at a wavelength of 1550 nm, and a mode field diameter 

25 (MFD) of 4.2 jim. Furthermore, the effective cutoff 

wavelength in a 2-meter length of this fiber sample F2 
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is 1.45 \xrci, the amount of increase in the bending loss 
at a wavelength of 1550 run when the bending diameter is 
40 mm is 0.05 dB/km or less, and the amount of increase 
in the bending loss at a wavelength of 1550 nm when the 
5 bending diameter is 60 mm is 0.01 dB/km or less. 

[0135] Like the chromatic dispersion profile of the 

dispersion compensating optical fiber C shown in Fig. 1, 
the chromatic dispersion profile of fiber sample F2 has 

a negative chromatic dispersion in the C- and L-band, 
10 and has a shape that bulges in the minus direction as 

seen from the chromatic dispersion value axis. 

[0136] Furthermore, the fiber comparative example F3 

described below was used as a conventional dispersion 

compensating optical fiber, with a chromatic dispersion 
15 profile having a shape bulging in the plus direction in 

the C- and L-band as seen from the chromatic dispersion 

value axis, for combination with the fiber samples Fl 

and F2. 

[0137] As shown in Figs. 2A and 2B, the fiber 
20 comparative example F3 has a triple cladding type 

refractive index profile. In the comparative example 
F3, the core diameter 2a is 4.3 nm, the first cladding 
diameter 2b is 11.0 \xm f and the second cladding 
diameter 2c is 15.4 pm. Furthermore, the relative 
25 refractive index difference Anl of the core with 

respect to the third cladding is 1.6%, the relative 
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refractive index difference An2 of the first cladding 
is -0.50%, and the relative refractive index difference 
An3 of the second cladding is 0.30%. 

[0138] The fiber comparative example F3 has a 

5 chromatic dispersion of -61 ps/nm/km and a dispersion 

slope of -0.25 ps/nm 2 /km at a wavelength of 1520 nm, a 
chromatic dispersion of -70 ps/nm/km and a dispersion 
slope of -0.36 ps/nm 2 /km at a wavelength of 1550 nm, 
and a mode field diameter (MFD) of 4.7 pm. Furthermore, 
10 the effective cutoff wavelength in a 2-meter length of 

the fiber comparative example F3 constituting a 
conventional dispersion compensating optical fiber is 
1.4 0 jjm, the amount of increase in the bending loss at 
a wavelength of 1550 nm when the bending diameter is 40 
15 mm is 0.5 dB/km or less, and the amount of increase in 

the bending loss at a wavelength of 1550 nm when the 
bending diameter is 60 mm is 0.02 dB/km or less. 
[0139] The chromatic dispersion profile of the fiber 

comparative example F3 is graph D in Fig. 5; graph E in 
20 Fig. 5 is the chromatic dispersion profile of the 

transmission optical fiber. Furthermore, the 

constructions and characteristics of the samples Fl and 
F2 of the dispersion compensating optical fiber 
according to the present invention, and of the 
comparative example F3 constituting a conventional 



25 



56 



20 0 3?llfll8B 206^58^ SOEI PATET 4 LAW FIRM NO. 1 222 P. 61/130 

FP03-0296-00 

* 

dispersion compensating optical fiber/ are shown in Fig. 
6. 

[0140] Next, the present inventors manufactured 
samples Ml through M8 of dispersion compensators using 
5 the optical fibers having the structures (samples Fl 

through F3) . 
(Sample Ml) 

[0141] The dispersion compensator of this sample Ml 
uses a dispersion compensating optical fiber (sample 

10 Fl) with a length of 1.7 km, and has a construction in 

which the fiber sample Fl was wound on a bobbin, and 
was then placed in a bundled state by removing the 
bobbin; furthermore, this coil is accommodated inside a 
housing, and the coil is held by a resin. Furthermore, 

15 the outer diameter of the third cladding (hereafter 

referred to as the "glass diameter") in fiber sample Fl 
is 80 nm, and the outer diameter including the covering 
layer (hereafter referred to as the "coating diameter") 
is 140 jjni. The resin is a silicone gel; this silicone 

20 gel was hardened by being heated for 2 hours at 70°C, 

and held the coil of the fiber sample Fl . 
[0142] The outer diameter of the winding trunk 
portion of the bobbin on which the fiber sample Fl was 
wound (corresponding to the winding inner diameter of 

25 the dispersion compensating optical fiber wound into 

the form of a coil, hereafter referred to as the 



57 



20 0 3*mfil8B SOEI PATET & LAW FIRM NO. 1 222 P. 62/130 

FP03-0296-00 

"winding trunk diameter") is 40 mm. This sample Ml has 
a total chromatic dispersion of -300 ps/nm, a total 
dispersion slope of -0.13 ps/nm 2 , and an insertion loss 
of 3.3 dB. Furthermore, the external dimensions of the 
5 housing of this sample Ml are 120 mm (long) x 120 mm 

(wide) x 18 mm (high) . 
(Sample M2) 

[0143] The dispersion compensator of this sample M2 

has the same structure as the sample Ml, except for the 

10 fact that a fiber sample Fl with a glass diameter of 

125 nm and a coating diameter of 185 was used. This 
sample M2 has a total chromatic dispersion of -300 
ps/nm, a total dispersion slope of -0.13 ps/nm 2 , and an 
insertion loss of 3.3 dB. Furthermore, the external 

15 dimensions of the housing of this sample M2 are 120 mm 

(long) x 120 mm (wide) x 18 mm (high) . 
(Sample M3) 

[0144] The dispersion compensator of this sample M3 

has the same structure as the sample Ml, except for the 

20 fact that a fiber sample Fl with a length of 3.4 km was 

used. This sample M3 has a total chromatic dispersion 
of -600 ps/nm, a total dispersion slope of -0.26 ps/nm 2 , 
and an insertion loss of 4.6 dB. Furthermore, the 
external dimensions of the housing of this sample M3 

25 are 130 mm (long) x 130 mm (wide) x 17 mm (high) . 

(Sample M4) 
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[0145] The dispersion compensator of this sample M4 
has the same structure as the sample Ml, except for the 
fact that a fiber sample F2 with a glass diameter of 80 
jam, a coating diameter of 185 pm and a length of 0.30 

' 5 km was used, and the winding trunk diameter of the coil 

was set at 40 mm. This sample M4 has a total chromatic 
dispersion of -80 ps/nm/ a total dispersion slope of - 
0.08 ps/nm 2 , and an insertion loss of 2.1 dB. 
Furthermore, the external dimensions of the housing of 

10 this sample M4 are 100 mm (long) x 100 mm (wide) x 14 

mm (high) . 
(Sample M5) 

[014 6] The dispersion compensator of this sample M5 

has the same structure as the sample M4, except for the 

15 fact that a fiber sample F2 with a glass diameter of 

125 ^im a coating diameter of 185 pm and a length of 
1.14 km was used. This sample M5 has a total chromatic 
dispersion of -300 ps/nm, a total dispersion slope of - 
0.31 ps/nm 2 , and an insertion loss of 2.8 dB. 

20 Furthermore, the external dimensions of the housing of 

this sample M5 are 120 mm (long) x 120 mm (wide) x 18 
mm (high) . 
(Sample M6) 

[0147] The dispersion compensator of this sample M6 
25 has the same structure as the sample M4, except for the 

fact that a fiber sample F2 with a length of 2.28 km 
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was used. This sample M6 has a total chromatic 
dispersion of -600 ps/nm, a total dispersion slope of - 
0.63 ps/nm 2 , and an insertion loss of 3.7 dB. 
Furthermore, the external dimensions of the housing of 
5 this sample M6 are 130 mm (long) x 130 mm (wide) x 17 

mm (high) . 
(Sample M7) 

[0148] The dispersion compensator of this sample M7 
has the same structure as the sample M4, except for the 
10 fact that a fiber sample F2 with a length of 4.56 km 

was used. This sample M7 has a total chromatic 
dispersion of -1200 ps/nm, a total dispersion slope of 
-1.26 ps/nm 2 , and an insertion loss of 5.6 dB. 
Furthermore, the external dimensions of the housing of 
15 this sample M7 are 170 mm (long) x 170 mm (wide) x 17 

mm (high) . 

(Sample M8) 

[0149] The dispersion compensator of this sample M8 

has a construction in which a fiber sample F2 with a 

20 glass diameter of 125 urn, a coating diameter of 185 \m 

and a length of 2.30 km and a fiber comparative example 
F3 with a glass diameter of 125 ^m, a coating diameter 
of 185 iim and a length of 10.8 km were connected by 
fusion, these fiber samples F2 and F3 were accommodated 

25 inside a housing after being placed in a fiber bundled 

state by winding the fibers on bobbins and then 
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removing the bobbins, and the optical fibers were held 
hardening a resin as in sample Ml. 

[0150] in this case, winding trunk diameter of the 
fiber sample F2 is 40 mm, the winding trunk diameter of 
5 the fiber comparative example F3 is 120 mm, and the 

outer diameter of the coil of the fiber comparative 
example F3 is 200 mm. Furthermore, the coil of the 
fiber sample F2 is disposed inside the coil of the 
fiber comparative example F3 . The external dimensions 
10 of the housing of this sample M8 are 220 mm (long) x 

230 mm (wide) x 40 mm (high) . 

[0151] The fiber sample F2 alone, which is a 

dispersion compensating optical fiber, has a total 
chromatic dispersion of -600 ps/nm and a total 

15 dispersion slope of -0.63 ps/nm 2 , and the fiber 

comparative example F3 alone, which is a conventional 
dispersion compensating optical fiber, has a total 
chromatic dispersion of -756 ps/nm and a total 
dispersion slope of -3.88 ps/nm 2 . Moreover, the sample 

20 M8 has a total chromatic dispersion of -1360 ps/nm, a 

total dispersion slope of -4.5 ps/nm 2 , and a total wet 
melt loss of 7 dB. 

[0152] Fig. 7 is a table showing the constructions 
and characteristics of the dispersion compensators of 
25 these samples Ml through M8 . Furthermore, Fig. 8 is a 

graph showing the chromatic dispersion characteristics 
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of the dispersion compensator of sample M8, and Fig. 9 
is a graph showing the chromatic dispersion 
characteristics according to the optical transmission 
line as a whole in a case where the dispersion 
5 compensator of sample M8 is connected to a transmission 

single-mode fiber with a length of 100 km. - It is seen 
from these Figs. 8 and 9 that appropriate compensation 
is made for the chromatic dispersion of the 
transmission optical fiber in the C- and L-band. 
10 Furthermore, the chromatic dispersion characteristics 

of this transmission single-mode fiber correspond to 
the profile indicated by E in Fig. 5. 

[0153] In the present invention, as described above, 
favorable compensation can be made for the chromatic 

15 dispersion of the optical transmission line as a whole 

by utilizing a dispersion compensator employing a 
dispersion compensating optical fiber which has a 
negative chromatic dispersion in the C-band, L-band, 
expanded L-band or O and L-band, and which has a 

20 chromatic dispersion profile with a shape that bulges 

in the minus direction as seen from the chromatic 
dispersion value axis. Furthermore, a compact 

dispersion compensator and optical transmission line 
can be obtained. 
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[0154] Furthermore, the present invention is not 
limited to the above-mentioned embodiments , and may 
adopt various modified aspects. 

[0155] In the following description, more concrete 
5 structures of the dispersion compensator, optical 

transmission line and optical communications system 
according to the present invention will be described in 
detail- Furthermore, in the following description, the 
C-band (1530 to 1565 nm) will be used as an example of 
10 the signal wavelength band; however, the present 

invention is not limited to the C-band. 

[0156] Fig. 10 is a diagram showing the construction 

of the optical communications system according to the 
present invention. The optical communications system 

15 152 shown in Fig. 10 comprises an optical transmission 

line 2 including a dispersion compensator (DC) 10 and a 
transmission optical fiber 20, a transmitter (TX) 30, 
and a receiver (RX) 40. The transmission optical fiber 
20 is laid between the transmitter 30 and the receiver 

20 40. The dispersion compensator 10 may be laid between 

the transmitter 30 and the receiver 40, or may be 
formed into a module and installed in a certain 
position on the optical transmission line 2. In this 
optical communications system 1, signal light in which 

25 a plurality of channels are multiplexed, which is 

output from the transmitter 30, is propagated through 
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the optical transmission line 2 and thus reaches the 
receiver 40; the signal light is received for the 
respective signal channels in this receiver 40. 
[0157] The optical transmission line 2 located on 
5 the signal transmission path extending from the 

transmitter 30 to the receiver 40 includes a 
transmission optical fiber 20, and a dispersion 
compensator 10 located in the after-stage of this 
transmission optical fiber. For example, the 

10 transmission optical fiber 20 is a single-mode optical 

fiber as defined by the international standard ITU-T 
G.652, a dispersion shifted optical fiber as defined by 
ITU-T G.653, or a non-zero dispersion shifted optical 
fiber as defined by ITU-T G.655. The dispersion 

15 compensator 10 is an optical device that compensates 

for the chromatic dispersion of the transmission 
optical fiber 2 0, and has a structure in which N 
optical fibers are cascade-connected. Here, N is an 
integer of 2 or more. 

20 [0158] Fig. 12 is a diagram showing the structure of 

the dispersion compensator 10 (i.e., the dispersion 
compensator according to the present invention) shown 
in Fig. 11. This dispersion compensator 10 has a 
structure in which N optical fibers Hi through 11 N are 

25 cascade-connected. Here, the length of the nth optical 

fiber ll n is designated as L n (km), the chromatic 
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dispersion of the nth optical fiber ll n is designated 
as D n (ps/nm/km) , the dispersion slope of the nth 
optical fiber ll n is designated as S„ (ps/nm 2 /km) , and 
the dispersion curvature of the nth optical fiber ll n 
5 is designated as C n (ps/nm 3 /km) . Here, n is an integer 

from 1 to N. In this case, the relationship expressed 
by the following equation (2) is established among the 
chromatic dispersion D n , dispersion slope S n , 
dispersion curvature C n and wavelength X (nm) of each 
10 optical fiber ll n . 

c ... (2 ) 

[0159] In general, the RDS (relative dispersion 

slope) of an optical fiber is defined as the ratio of 
the dispersion slope S to the chromatic dispersion D 
(S/D) , and is used as an indicator that expresses the 
compensation rate of the dispersion slope. Furthermore, 
the RDC (relative dispersion curvature) (1/nm 2 ) of an 
optical fiber is defined as the ratio of the dispersion 
curvature C to the chromatic dispersion D (C/D) , and is 
used as an indicator that expresses the compensation 
rate of the dispersion curvature. 

[0160] The dispersion curvature C of common optical 

fibers installed as transmission optical fibers is 
extremely small in the signal light wavelength band. 
25 On the other hand, the absolute value of the dispersion 
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curvature C of conventional dispersion compensating 
optical fibers themselves is a large negative value. 
For this reason, in the case of conventional dispersion 
compensators/ even if both the chromatic dispersion and 
5 the dispersion slope of the transmission optical fiber 

can be completely compensated for at certain 
wavelengths in the signal wavelength band, this 
compensation is insufficient at other wavelengths (e.g., 
the wavelengths at both ends of the signal wavelength 
10 band) . 

[0161] Accordingly, the dispersion compensator 10 
according to the present invention has a construction 
in which N optical fibers are cascade-connected, and 
the absolute value of the RDC of the dispersion 
15 compensator 10 as a whole, as expressed by the 

following equation (3), is 10 H /nm 2 or less. Preferably, 
furthermore, the absolute value of the RDC of the 
dispersion compensator 10 as a whole is 10~ 5 /nm 2 or less. 

ZCL. 

RDC=^ - (3) 

ZD„L. 

20 [0162] It is desirable that the dispersion curvature 

of at least one of the optical fibers among the N 
optical fibers Hi through 11 N be positive, and that 
the dispersion curvature of at least one of the 
remaining optical fibers be negative. As a result of 
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such a construction, the absolute value of the RDC of 
the dispersion compensator 10 as a whole can be reduced 
to lCrVnm 2 or less (or 10~ 5 /nin 2 or less) - 

[0163] Furthermore, the RDS of this dispersion 
5 compensator 10 as a whole is expressed by the following 

equation (4 ) . 

RDS = "(4) 



[0164] In order to allow the dispersion compensator 

10 to compensate for both the chromatic dispersion and 

10 the dispersion slope of the transmission optical fiber 

20, it is desirable that the RDS of the dispersion 
compensator 10 be substantially equal to the RDS of the 
transmission optical fiber 20. Furthermore, in order 
to allow the dispersion compensator 10 to compensate 

15 for the dispersion curvature of the transmission 

optical fiber 20 as well, it is desirable that the RDC 
of the dispersion compensator 10 be substantially equal 
to the RDC of the transmission optical fiber 20. 
Accordingly, in correspondence to the fact that the 

20 absolute value of the dispersion curvature C of common 

optical fibers installed as transmission optical fibers 
is extremely small in the signal wavelength band, it is 
desirable that the absolute value of the RDC of the 
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dispersion compensator 10 according to the present 
invention also be small . 

[0165] Next, in a first aspect of the dispersion 
compensator 10 according to the present invention, it 
5 is desirable that this dispersion compensator overall 

have an RDS of 0.0032/nm to 0.0038/nm. In this case, 
if a single-mode optical fiber defined by ITU-T G.652 
is used as the transmission optical fiber 20, the 
dispersion compensator 10 of this first aspect can 

10 sufficiently compensate for the chromatic dispersion of 

this transmission optical fiber 120 over a broad signal 
light wavelength band- Specifically, the first 

embodiment of the optical transmission line according 
to the present invention comprises a transmission 

15 optical fiber which transmits signal light of a 

plurality of channels of different wavelengths, and the 
dispersion compensator of the first aspect, which 
compensates for the chromatic dispersion of this 
transmission optical fiber. In this case, it is 

20 desirable that the difference between the respective 

RDS values of the transmission optical fiber and the 
dispersion compensator be 0.0003/nm or less. 
Furthermore, in this first aspect of the dispersion 
compensator according to present invention, it is 

25 desirable that the absolute value of the total 
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chromatic dispersion throughout the used wavelength 
region be 0.01 ps/nm/km or less. 

[0166] In a second aspect of the dispersion 
compensator 10 according to the present invention, it 
5 is desirable that the dispersion compensator overall 

have an RDS of 0.0068/nm to 0.0082/nm. In this case, 
if a PureGuide (registered trademark), among non-zero 
dispersion shifted optical fibers defined by ITU-T 
G.655, is used as the transmission optical fiber 20, 

10 this dispersion compensator 10 can sufficiently 

compensate for the chromatic dispersion of this 
transmission optical fiber 20 over a broad signal light 
wavelength band. Specifically, the second embodiment 
of the optical transmission line according to the 

15 present invention comprises a transmission optical 

fiber which transmits signal light of a plurality of 
channels of different wavelengths, and the dispersion 
compensator of the second aspect, which compensates for 
the chromatic dispersion of this transmission optical 

20 fiber. In this case, it is desirable that the 

difference between the respective RDS values of the 
transmission optical fiber and dispersion compensator 
be 0.0007/nm or less. Furthermore, it is desirable 
that the absolute value of the total chromatic 

25 dispersion throughout the used wavelength region be 

0.05 ps/nm/km or less. 
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[0167] In a third aspect of the dispersion 

compensator 10 according to the present invention, it 
is desirable that the dispersion compensator overall 
have an RDS of 0.009/nm to 0.011/nm. In this case, if 
5 a TrueWave-RS (registered trademark), among non-zero 

dispersion shifted optical fibers defined by ITU-T 
G.655, is used as the transmission optical fiber 20, 
this dispersion compensator 10 can sufficiently 
compensate for the chromatic dispersion of this 

10 transmission optical fiber 20 over a broad signal light 

wavelength band. Specifically, the third embodiment of 
the optical transmission line according to the present 
invention comprises a transmission optical fiber for 
transmitting signal light of a plurality of channels of 

15 different wavelengths, and the dispersion compensator 

of the third aspect, which compensates for the 
chromatic dispersion of this transmission optical fiber. 
In this case, it is desirable that the difference 
between the respective RDS values of the transmission 

20 optical fiber and dispersion compensator be 0.001/nm or 

less. Furthermore, it is desirable that the absolute 
value of the total chromatic dispersion throughout the 
used wavelength region be 0.02 ps/nm/km or less. 
[0168] Furthermore, it is desirable that the 

25 insertion loss a (dB) of the dispersion compensator 10 

satisfy the following equations (5a) and (5b) . 
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a < -0.005 x (total chromatic dispersion) + 1.1 (5a) 
total chromatic dispersion = XZXZ* 

5 [0169] Furthermore, a fourth embodiment of the 

optical transmission line according to the present 
invention may comprise a transmission optical fiber 
which has an RDS of 0.0032/nm to 0.0038/nm at a 
predetermined wavelength in a used wavelength region 

10 with a bandwidth of 30 nm or more included in the 

wavelength band of 1535 nm to 1610 nm, and a dispersion 
compensator which compensates for the chromatic 
dispersion of this transmission optical fiber. In this 
case, it is desirable that the difference between the 

15 respective RDS values of the transmission optical fiber 

and the dispersion compensator at the predetermined 
wavelength be 0.0003/nm or less; moreover, it is 
desirable that the absolute value of the total 
chromatic dispersion in the used wavelength region be 

20 0.01 ps/nm/km or less. Further, the used wavelength 

region may appropriately include the wavelength band of 
1535 to 1565 nm, and a single-mode optical fiber as 
defined in ITU-T G.652 may be cited as an example of a 
transmission optical fiber 20 having the above- 

25 mentioned characteristics. 
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[0170] A fifth embodiment of the optical 
transmission line according to the present invention 
may comprise a transmission optical fiber which has an 
RDS of 0.0068/nm to 0.0082/nm at a predetermined 
5 wavelength in a used wavelength region with a bandwidth 

of 30 nm or more included in the wavelength band of 
1535 nm to 1610 nm, and a dispersion compensator which 
compensates for the chromatic dispersion of this 
transmission optical fiber. In this case, it is 

10 desirable that the difference between the respective 

RDS values of the transmission optical fiber and the 
dispersion compensator at the predetermined wavelength 
be 0.0007/nm or less; moreover, it is desirable that 
the absolute value of the total chromatic dispersion in 

15 the used wavelength region be 0.05 ps/nm/km or less. 

Furthermore, the used wavelength region may 
appropriately include the wavelength band of 1535 to 
1565 nm, and a PureGuide (registered trademark) , among 
the non-zero dispersion shifted optical fibers defined 

20 in defined in ITU-T G.655, may be cited as an example 

of a transmission optical fiber 20 having the above- 
mentioned characteristics. 

[0171] A sixth embodiment of the optical 
transmission line according to the present invention 
25 may comprise a transmission optical fiber which has an 

RDS of 0.009/nm to 0.011/nm at a predetermined 



72 



2003?llfll8B IWn SOEI PATET 4 LAW FIRM NO. 1 222 P. 77/130 

FP03-0296-00 

wavelength in a used wavelength region with a bandwidth 
of 30 ran or more included in the wavelength band of 
1535 nm to 1610 nm, and a dispersion compensator which 
compensates for the chromatic dispersion of this 
5 transmission optical fiber. In this case, it is 

desirable that the difference between the respective 
RDS values of the transmission optical fiber and the 
dispersion compensator at the predetermined wavelength 
be 0.001/nm or less; moreover, it is desirable that the 

10 absolute value of the total chromatic dispersion in the 

used wavelength region be 0.019 ps/nm/km or less. 
[0172] Furthermore, the used wavelength region may 
appropriately include the wavelength band of 1535 to 
1565 nm, and a TrueWave-RS (registered trademark) , 

15 among the non-zero dispersion shifted optical fibers 

defined in defined in ITU-T G.655, may be cited as an 
example of a transmission optical fiber 20 having the 
above-mentioned characteristics . 

[0173] In the following description, a case will be 

20 described in which N is 2, i.e., in which the 

dispersion compensator 10 is constructed from two 
optical fibers Hi and 11 2 . 

[0174] RDSi and RDC X of the first optical fiber Hi 
are expressed by the following equations (6a) and (6b) . 
25 Furthermore, RDS 2 and RDC 2 of the second optical fiber 
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11 2 are expressed by the following equations (7a) and 
(7b) . 



RDS X =^- —(6a) 
A 



RDC t =jj- —(6b) 



RDS, = A. —(7a) 
* A 

RDC 2 =^ -(7b) 
A 

5 [0175] RDS 0 and RDC 0 of the dispersion compensator 

10 are expressed by the following equations (8a) and 
(8b) . Also, RDCo of the dispersion compensator 10 is 
expressed by the following equation (9) using RDSi and 
RDCi of the first optical fiber ll lf RDS 2 and RDC 2 of 
10 the second optical fiber 11 2 , and the RDS 0 value of the 

dispersion compensator 10. 



AA+AA 

j&c CA+Cjk ...(8b) 
AA + A^ 



RDC rr RDC * ( RDS ° ~ I - RDC ^ ^gggo - RDS > ) ...(Q) 

0 RDS 1 - RDS 2 
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[0176] Next, the optical transmission line 2 and 
dispersion compensator 10 according to the present 
invention will be described. In the following samples 
of respective dispersion compensators 10, the 
5 dispersion compensator is constructed from two optical 

fibers . 

[0177] Fig. 12 is a table showing respective 

specifications of fiber samples F4 through F14 which 
can constitute the dispersion compensator according to 

10 the present invention, and fiber samples F15 through 

F17 which can be used as transmission optical fibers. 
[0178] Each of the fiber samples F4 through F8 and 

F10 through F14 is an optical fiber 100 which has a 
triple cladding type refractive index profile 130 of 

15 the type shown in Figs. 2A and 2B. The optical fibers 

100 corresponding to these fiber . samples F4 through F8 
and F10 through F14 each having a core 111 (maximum 
refractive index nl, outer diameter 2a), a first 
cladding 112 (refractive index n2 , outer diameter 2b), 

20 a second cladding 113 (refractive index n3, outer 

diameter 2c) and an outermost layer of cladding 114 
(refractive index n4 ) in that order from the center. 
Furthermore, the outermost layer of cladding 
corresponds to the third cladding. 

25 [0179] The fiber sample F9 is an optical fiber 200 

which has a quadruple cladding type refractive index 
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profile 230 of the type shown in Figs. 13A and 13B. 
The optical fiber 200 corresponding to this fiber 
sample F8 has a core 211 (maximum refractive index nl, 
outer diameter 2a) , a first cladding 212 (refractive 
5 index n2, outer diameter 2b), a second cladding 213 

(refractive index n3, outer diameter 2c) , a third 
cladding 214 (refractive index n4, outer diameter 2d) 
and an outermost layer of cladding 215 (refractive 
index n5) . 

10 [0180] In the refractive index profile 230 shown in 

Fig. 13B, the relative refractive index difference of 
the core with reference to the refractive index of the 
outermost layer of cladding 215 is Anl (= (nl - 
n5)/n5), the relative refractive index difference of 

15 the first cladding is An2 (= (n2 - n5)/n5), the 

relative refractive index difference of the second 
cladding is An3 (= (n3 - n5)/n5), and the relative 
refractive index difference of the third cladding is 
An4 (= (n4 - n5) /n5) . 

20 [0181] The refractive index profile 230 shown in Fig. 

13B shows the refractive index in respective parts 
along the line L2 in Fig. 13A. In this refractive 
index profile 230, the region 231 shows the refractive 
index of parts of the core 211 located on the line L2, 

25 the region 232 shows the refractive index of parts of 

the first cladding 212 located on the line L2, the 
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region 233 shows the refractive index of parts of the 
second cladding 213 located on the line L2, the region 
234 shows the refractive index of parts of the third 
cladding 214 located on the line L2, and the region 235 
5 shows the refractive index of parts of the outermost 

layer of cladding (fourth cladding) 215 located on the 
line L2. 

[0182] Fig. 12 shows the relative refractive index 
difference Anl of the core, the relative refractive 

10 index difference An2 of the first cladding, the 

relative refractive index difference An3 of the second 
cladding, the relative refractive index difference An4 
of the third cladding, the outer diameter 2a of the 
core, the outer diameter 2b of the first cladding, the 

15 outer diameter 2c of the second cladding, the outer 

diameter 2d of the third cladding, the chromatic 
dispersion D at a wavelength of 1550 nm, the dispersion 
slope S, the dispersion curvature C, the RDS, the RDC, 
the effective cutoff wavelength, and the bending loss 
20 for respective bending diameters of 40 mm and 60 mm at 

a wavelength of 1550 nm, for the respective fiber 
samples F4 through F14. 

[0183] As shown in Fig. 12, the respective 
dispersion curvature values C of fiber samples F4 
25 through F6 and F10 through F12 are positive, and the 

respective dispersion curvature values C of fiber 
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samples F7 through F9, F13 and F14 are negative. The 
fiber sample F15 of the transmission optical fiber 
corresponds to a single-mode optical fiber as defined 
in ITU-T G.652. The fiber sample F15 corresponds to a 
5 PureGuide (registered trademark) among the non-zero 

dispersion shifted optical fibers defined in ITU-T 
G.655). Furthermore, the fiber sample F16 corresponds 
to a TrueWave-RS (registered trademark) among the non- 
zero dispersion shifted optical fibers defined in ITU-T 
10 G.655. 

[0184] Fig. 14 is a table summarizing the respective 
specifications of samples M9 through M12 manufactured 
as individual dispersion compensators according to the 
present invention. Fig. 14 shows the type of optical 
15 fiber used in the construction (sample shown in Fig. 

12), length of the optical fiber, glass diameter, 
coating diameter, total chromatic dispersion of the 
dispersion compensator as a whole at a wavelength of 
1550 nm, total dispersion slope, total dispersion 
20 curvature, RDS, RDC, insertion loss, polarization mode 

dispersion (PMD) , non-linear phases shift, form of 
accommodation of the respective optical fibers and coil 
diameter for the respective samples M9 through M12 of 
these dispersion compensators. 
.25 [0185] The non-linear phase shift is expressed by 

the following equations (10a) and (10b) . Here, X is 
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the wavelength (nm) , N2 is the non-linear refractive 
index (m 2 /W) , Ae ff is the effective area (^m 2 ) , L is the 
fiber length (lan), a is the transmission loss (dB/km) , 
and P 0 is the input light power (W) . The input light 
5 power P 0 is determined so that the output light power 

of the dispersion compensator is -28 dBm. 

^■ '•■^-'' -(WH 

[0186] In each of the samples M9 through M12 of the 

dispersion compensator according to the present 

10 invention, the respective constituent fiber samples are 

wound into the form of a coil and held by a resin, and 
these coils are accommodated inside a housing with a 
size of 220 mm (long) x 230 mm (wide) x 40 mm (high) . 
[0187] As shown in Fig. 14, the absolute values of 

15 the respective RDC values of samples M9 through Mil at 

a wavelength of 1550 nm are 10~ 5 /nm 2 or less, and the 
absolute value of the RDC value of sample M12 is 10" 
Vnm 2 or less. 

[0188] Fig. 15 is a graph showing the chromatic 

20 dispersion characteristics of sample M9 of the 

dispersion compensator according to the present 
invention, and the respective chromatic dispersion 
characteristics of the two fibers samples F4 and F7 
that make up this dispersion compensator. Fig. 16 is a 
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graph showing the chromatic dispersion characteristics 
of the optical transmission line as a whole (i.e., the 
optical transmission line according to the present 
invention) including sample M9 of the dispersion 
5 compensator according to the present invention and 

fiber sample F15 which is a transmission optical fiber 
with a length of 100 km. At a wavelength of 1550 nm, 
the RDS of sample M9 is 0.0035/nm, and the RDS of fiber 
sample F15 is 0.0035/nm, so that the difference between 

10 these RDS values is substantially zero. 

[0189] Fig. 17 is a graph showing the chromatic 

dispersion characteristics of sample M10 of the 
dispersion compensator according to the present 
invention, and the respective chromatic dispersion 

15 characteristics of the two fiber samples F5 and F8 that 

make up this dispersion compensator. Fig. 17 is a 
graph showing the overall chromatic dispersion 
characteristics of an optical transmission line 
including sample M10 of the dispersion compensator 

20 according to the present invention and fiber sample F15 

which is a transmission optical fiber with a length of 
80 km. At a wavelength of 1550 nm, the RDS of sample 
M10 is 0.0035/nm, and the RDS of fiber sample F15 is 
0.0035/nm, so that the difference between these RDS 

25 values is substantially zero. 
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[0190] Fig. 19 is a graph showing the chromatic 
dispersion characteristics of samples Mil and M12 of 
the dispersion compensator according to the present 
invention, and the respective chromatic dispersion 
5 characteristics of the two fiber samples F6 and F9 that 

make up this dispersion compensator. Fig. 20 is a 
graph showing the overall chromatic dispersion 
characteristics of an optical transmission line 
including sample Mil of the dispersion compensator 

10 according to the present invention and fiber sample F16 

which is a transmission optical fiber with a length of 
100 km. Fig. 21 is a graph showing the overall 
chromatic dispersion characteristics of an optical 
transmission line including sample M12 of the 

15 dispersion compensator according to the present 

invention and fiber sample F17 which is a transmission 
optical fiber with a length of 100 km. At a wavelength 
of 1550 nm, the RDS of sample Mil is 0.0075/nm, and the 
RDS of fiber sample F16 is 0.0075/nm, so that the 

20 difference between these RDS values is substantially 

zero. Furthermore, at a wavelength of 1550 nm, the RDS 
of sample M12 is 0.0100/nm, and the RDS of sample F17 
is 0.0098/nm, so that the difference between these RDS 
values is 0.0002/nm. 

25 [0191] As can be seen from Figs. 15, 17 and 19, the 

chromatic dispersion in samples M9 through M12 of the 
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dispersion compensator according to the present 
invention has an almost linear relationship with 
respect to wavelength in the C-band, so that the 
absolute value of the dispersion curvature is extremely 
5 small. Furthermore, as is seen from Figs. 16, 18, 20 

and 21, the optical transmission line according to the 
present invention shows an extremely small absolute 
value of chromatic dispersion in the C-band, i.e., 0.02 
ps/nm/km or less. 

10 [0192] In particular, in the optical transmission 

line shown in Fig. 16, the absolute value of the 
chromatic dispersion in the C-band is 0.009 ps/nm/km or 
less. In the optical transmission line shown in Fig. 
18, the absolute value of the chromatic dispersion in 

15 the C-band is 0.006 ps/nm/km or less. Furthermore, in 

the optical transmission line shown in Fig. 20, the 
absolute value of the chromatic dispersion in the C- 
band is 0.005 ps/nm/km or less. 

[0193] Fig. 22 is a table summarizing the 

20 specifications of optical transmission lines and 

samples M9 through M18 other than the samples M8 
through M12 among the samples of the dispersion 
compensator according to the present invention. Fig. 
22 shows the respective types of the first optical 
25 fiber and second optical fiber constituting the 

dispersion compensator, the RDS and RDC values of these 
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optical fibers, the RDS and RDC values of the 
dispersion compensator, and the type and residual 
dispersion of the transmission optical fiber. The 
residual dispersion of optical transmission lines is a 
5 maximum value of the absolute value of the chromatic 

dispersion in the C-band. Furthermore, Fig, 22 also 
shows values already shown in Figs. 14 through 21. 
[0194] As shown in Fig. 22, in the dispersion 
compensators of samples M9 through M18, the absolute 

10 value of the RDC at a wavelength of 1550 nm is 10~Vnm 2 

or less. In particular, in each of samples M9 through 
Mil, M13 and M14, the absolute value of the RDC at a 
wavelength of 1550 nm is 10~ 5 /nm 2 or less. Among these 
dispersion compensators, the absolute value of the RDC 

15 at a wavelength of 1550 nm is 10~ 6 /nm 2 or less in the 

case of sample M14, which is constructed from fiber 
samples F10 and F13. 

[0195] In the optical transmission lines, the 
absolute value of the chromatic dispersion in the C- 

20 band is 0.05 ps/nm/km or less. In particular, in the 

optical transmission line comprising sample M9 and 
fiber sample F15, the optical transmission line 
comprising sample M10 and fiber sample F15, the optical 
transmission line comprising sample Mil and fiber 

25 sample F15, the optical transmission line comprising 

sample M13 and fiber sample F15, and the optical 
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transmission line comprising sample M14 and fiber 
sample F16, the absolute value of the chromatic 
dispersion in the C-band is extremely small, i.e., 0.01 
ps/nm/km or less. 
5 [0196] Fig. 23 is a graph showing the relationship 

between the insertion loss a and the total chromatic 
dispersion for samples A through C and comparative 
examples a through c of the dispersion compensator 
according to the present invention. Fig. 24 is a graph 

10 showing the relationship between the non-linear phase 

shift and the total chromatic dispersion for samples A 
through C and comparative examples a through c of the 
dispersion compensator according to the present 
invention. Fig. 25 is a graph showing the relationship 

15 between the polarization mode dispersion (PMD) and the 

total chromatic dispersion for samples A through C and 
comparative examples a through c of the dispersion 
compensator according to the present invention. Fig. 
2 6 is a graph showing the relationship between yL e ff and 

20 the total chromatic dispersion for samples A through C 

and comparative examples a through c of the dispersion 
compensator according to the present invention. Here, 
y is the coefficient of non-linearity. Furthermore, in 
Figs. 23 through 26, the symbol indicates sample A, 

25 the symbol indicates sample B, the symbol "A" 

indicates sample C, the symbol w O" indicates 
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comparative example a, the symbol indicates 
comparative example b, and the symbol "x" indicates 
comparative example c. 

[0197] The dispersion compensator of sample A is 
5 suitable for use in cases where a single-mode optical 

fiber defined in ITU-T G.652 is used as the 
transmission optical fiber. The dispersion compensator 
of sample B is suitable for use in cases where a 
PureGuide (registered trademark) , among the non-zero 

10 dispersion shifted optical fibers defined in ITU-T 

G.655, is used as the transmission optical fiber. 
Furthermore, the dispersion compensator of sample C is 
suitable for use in cases where a TrueWave-RS 
(registered trademark) , among the non-zero dispersion 

15 shifted optical fibers defined in ITU-T G.655, is used 

as the transmission optical fiber. 

[0198] The straight line in Fig. 23 indicates the 

boundary of the range expressed by the equations (5a) 
and (5b) . The respective dispersion compensators of 

20 samples A through C satisfy the conditions of the 

equations (5a) and (5b) . Furthermore, as is seen from 
Figs. 23 through 26, the respective dispersion 
compensators of samples A through C show no problems in 
terms of insertion loss, amount of non-linear phase 

25 shift, polarization mode dispersion or non-linear shape 

characteristics . 
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[0199] As described above, the dispersion 
compensator according to the present invention can 
sufficiently compensate for the chromatic dispersion of 
a transmission optical fiber over a broad wavelength 
5 region. 

[0200] From the invention thus described, it will be 
obvious that the embodiments of the invention may be 
varied in many ways. Such variations are not to be 
regarded as a departure from the spirit and scope of 
10 the invention, and all such modifications as would be 

obvious to one skilled in the art are intended for 
inclusion within the scope of the following claims. 
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